Osmotic pressures (II) of aqueous solutions of polyethylene glycols (PEGs) of average relative molecular weight (Mr) between 200 and 10,000 were measured using vapor pressure deficit osmometry. The relationships between molarity and II were described with high precision by second order polynomials for each of the PEGs studied. In contrast to previous reports, equivalent weights of different polymers in solution did not generate the same II; low M, PEGs generated a higher II than the higher M, PEGs. The effect of PEGs upon II represents an interaction between concentration and M,.
Water soluble PEGs have been widely used as inert, nonionic solutes in the study of the water relations of plants (9, 16, 17) , fungi (11, 13, 14) , and animals (24) . The availability of these polymers over a wide range of Mr has been exploited in measurements of cell wall porosity (3, 6, 13) . Another important application has been the use of PEGs to promote the transformation and fusion of protoplasts (2, 7, 21) .
In many experiments, it has been necessary to determine the osmotic pressure (I3) of PEG solutions. The has been measured using both freezing point depression and vapor pressure deficit osmometry (1, 5, 8, 12, 19, 20) , and also by equilibration with sucrose solutions (10) . However, much controversy persists concerning the best method for measuring the H of polymer solutions and the relationships between concentration, Mr and rl (20) .
Previous studies have employed molal PEG solutions (10, 12, 19, 20) which facilitates the thermodynamic interpretation of the relationship between concentration and H by reference to the ideal gas equation (i.e., molality corrects for solute volume) (4, 10) . However, molarity is often a more convenient expression of concentration for experimental purposes and has been used in the present study. I have attempted to provide a set of standard curves relating molarity to PEG) . A mean value of osmolality was calculated from the closest three measurements and the solvent contribution (correction factor = osmolality of distilled water registered by the osmometer) was subtracted from the mean. The correction factor was determined at the end of each concentration of PEG to adjust for osmometer drift due to thermocouple contamination (22) . The osmometer was frequently recalibrated over the range 100 to 1000 mmol kg-' using NaCl osmolality standards (Wescor, Inc.) during the experiments.
Osmolality measurements were converted to II (MPa) using the formula H = RTc; where c = osmolality in moles-kg-' and RT= 2.446 kg.MPa-mol-' at 21°C.
RESULTS AND DISCUSSION Figure 1 shows the relationships between molarity and HI for PEG-200 through -10,000. As reported in previous investigations (5, 10, 20) , there was not a linear relationship between concentration and H. This behavior reflects considerable divergence from ideality (ideal behavior of KCI is shown in Fig. 1A for comparison) . However, the relationships be-tween molarity and II were described with a high degree of precision by second order polynomials for the complete range of PEGs studied (Table IIA) . Curves were fitted by regression analysis and F values were all significant at P c 0.0001.
PEG concentration is often expressed as a percentage, sometimes without qualification as either w/v solution (molar) or w/w solvent (molal) (24, 25) . However, the qualification is an important one since molar solutions (being more concentrated) increase the II to a greater extent than molal solutions ofthe same numerical value. This is shown in Figure  2 for the most commonly used PEG with an average Mr of 6000. Within the resolution of the osmometer (-5 mosmol), this effect was exhibited above 10 mmolar/10 mmolal (60 g. L' solution or 60 g kg-' distilled water) as the molar volume of the polymer began to affect the concentration of the solution significantly.
For a given molarity, the larger polymers clearly increased the II more than the smaller ones ( Fig. 1 ). This effect of Mr on H has also been documented, based upon osmolality determinations of molal solutions, by Steuter et al. (20) who suggested that ". . . the total mass or total number ofmolecular subunits, rather than total number of particles (polymer chains) may be an important factor controlling water potential." The data of Williams and Shaykewich (23) for PEG-6000 and -20,000 were in agreement with this conclusion. In the present study, a comparison was made between solutions of identical volume containing identical weights of the different polymers (i.e., a range of molarities). Figure 3 shows that low Mr PEGs had a greater effect upon H than higher Mrs. The effect of these polymers upon H represents a more complex interaction between concentration and Mr than that suggested by Steuter et al. (20) ; although the mass of material in solution does have a strong influence upon the vapor pressure ( Fig. 1) , long chain PEGs do not behave as a number of individual subunits (Fig. 3) . Previous studies (20, 23) were limited to the higher Mr PEGs obscuring this strong influence of polymer size on H.
In common with the PEGs, sucrose did not behave as an ideal solute (Fig. 1A) . However, sucrose generated a lower H than that predicted for a PEG of comparable Mr (Fig. 3) 2,700-3,300 4,000 3,500-4,500 6,000 6,000-7,500 10,000 8,500-11,500 Table IIA. mann (12) suggested that the configuration of the PEG molecule might change in response to concentration: extended at low concentrations, folding with increasing concentration. PEG-6000 in an aqueous solution exists as rigid helical segments and most of the hydrogen bonding of water occurs at those oxygens exposed at positions along the disordered parts Table 110 .
unpublished observations). Therefore, when the value of HI is of critical importance, osmometnic determinations should be made upon PEGs in the experimental medium.
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